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ABSTRACT: The decrease of alrblast peak pressure wilth
distance along the water surface has been studied for
shallow underwater explosions. The slopes of the pressure-
distance curves for the region observed (45 to 200 charge
radil) are much lower than those from a charge in the air.
Cube root scaling of the pressure applies for a weight
range of 20 to 4200 1bs.
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Thls report presents the results of airblast measurements
made on charces fired in s study of the base surge under
Task NOL-152_. Because this program wa2 not set up primarily
as an airwlsast study, the range of conditions is not so
great as mighf be des;r;d for some purposes., However, it

15 belisved that the data given nere will be useful in
certain weapon evaluation studles, The report is intended
for information only. Any opinjons expressed herein are

those of the author.

The author wishez to acknowledge the wveiy helpful assistence
glven him in devisi'g and setting up the recording equipment
by J. P. Slifko, R. S. Price, B. W. Scott and J. B. Dempsey.

E. L. WOODYARD
. Captain, USN
Commander

By direction
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SIRBLAST FEAK PRESSSmS ALONG THE WATER SURWFACE
AT TOW UNDRARAWATRER BYPT.OITONS

L NTROPUCTION

There 15 very little Informsticn aveilzble on the
firblast from underwater explosions, Ip order to predict
the effscis of large underwater explosiorns on moored ships,
harbor faeili*iuu, airplanes and otiisi &iliructures, cata on
airblast effects under various condlitione are necessary.
A*though the results repcrted here cover only a very ijmliac
range of conthions, 1t 18 pelieved that the data will
provide a sourc pasls Ior extrapolations. Only peak pressures
were: meszured; 1t was not possible to record a complete
pressurz-time history of the blast wave.

The shecek velocity method [al* of determining alr blast
peak pressures was used, The velocity of sound in air and
the comporent of wind velocity along the gauge line were
cbtained for each shot by firing two detonators just prior
to the main chiarge. Measurements were made on the eguival
of 20, 101, 600 and 4200-1b TNT charges.

e !
£iie8 |

EXPERTMENTAL ARRANGEMENTS

Instrumentation and Rig. Nine tourmaline piezoelectriec gaugesa,
ranging from 3/F In. to 2 in. dlameter, were used as pickups
for the airblasat shockwavea The gauges were mournited in one
line with the charge anid were oriented facs-on o the shockwave
for fast response. Figure 1 is a skeich of the experimental
arrangement. The distances tetiveen: gauges shown are nominegl;
exact distances betwean the gaugss were measured before each
shot, Dlstancns between gauzes were accurate to within
1/16 in. The zeuges were mounted 4 in, above the waier -.'face
except on about half of the 600 and 4200-1b tests on wh ...i
gauge positions 2, 4, & 2nd 8 wers mounted 15 in. above the
watepr surfgece

The floating riz (Flgures 2A.B) used tc suppot the
gauges consisted of iwou islepnone poles 40 ft long, Wiil
add1tion=¢ buoyancy supplied by aix cil drums. This was

de

d
securely anchored in th eclred position for each shct, The
distance frou the charge tu the rig was varied from shot to
ghot to obtaln a larger pressure range.

¥ Such letters refer to the 1list of raferences ot the end of
thls reporsg.

1
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rne signals were [ea through SU to luu-1't lengius o1
Simplevy "algnal-Tree' cable to a juncticn box (Figures 2¢.,5)
w“HCTS the nine cablies were counnected i purallel to one
500-f¢ length of RO4IT cable. This. in turn, was connected
tc & fleld preampiifier [Pipure 34} and then thru an
addilticnal OOU-TUL lcngiin O HGS1U cabie, L0 a gain changer
(Pigurs 4C) and o mndifisd Dumont 208 oscilloscope [b,c).

The oscillesecope trace, 2icng with simultaneous timing marks,
was racorded on a 3-f¢ sirip of film on a rotating drum
canera. The timing source consistad cof the aigral from a
erurtsl econtroiled muitivihrator [b] whish wan “ad into a
gecond ¢aclllo=cope.

Beam brighntening, bzz= 4displacement, and the firing of
the two detonafiors and the msin ~harge were synchronized by
contacts on the shaf't of the rotating drum camera which
actuated the relay machine and beam brightener circuit
(Figures LA,B and 5). The contacts were offset =c the
succeeding ctages ¢of the relay machine were actuated
approximately one revolution apart, The camera speed was
varied from anproximately 600 rpm to 200 rpa, depending
upon the expected times of arrival of the shockwaves =2¢
the riz. Thus, the time intervals between the firing of

b e

the charge ranged from approximately 100 to 300 milliseconds,

The firing circuit (Pigure 38) was isolated from ground
at the instrument end to eliminate, as nearly as p 3¥sible,
groundloops between the gauge cable and the firing lines.

Charges. Seven demolition blcoeks of cast tetrytuli pius
HaI; 8 block of Composition C=-3 were conzicdered to be
eqquivalent to twenty pounds of TNT. The zlocks were sgtacked
in two layers, with these dimensions: 4 in, high, 8 in, wide,
and 11 in. long. Esch charge wias crionted with the 8 x 11 1in.
surfaces horizontal and the % x 11 in, surfaces perpendicular
tc the gauge llne.

Two 50-1b cast TNT Mk 14 demolition biocks and half
& block cf Composition C-3 were used for the 101-1b charges.
These charges waere cibea, each saide being abcut 12 in. long,
with the Compecsition (-3 placed on top. They were orientea
with a face perpendicular to the gauge line,

For the larger weightz, Mk 7 TNT-luaded deptn charges
were used, singly for the 600-1b and in groups of seven for
the 4200-1b charges; all charges ware placed wpright, In
the 4200-1v charge, s8ix of the ¢ylindrical Mk 7 depth charges
were gsymmetrically spaced around the seventh, at which
detonation was inltiated, Approximately & 1lbs of Composition

2
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C-3 wan used to booster the 600 and %203-1b charges.

The radined ~rherge denth A ol wAaR variad ffeam O €0
akhout . K:

:A - B R‘.,/.Nl/j

1%

‘_ﬂ'.:.*.a R - UaY :/!:1 ﬂ#-i—nnnn Trom the un+nw i fan~

Tasw e’ —-y = - —_———— - —_— - — e Tw e -

to the center of the charge in [t

W = charce waicht in l1ha
y & oge waloht 1In -

Theé experiments were perlormed 1n sSh&llow water, with
the charge set at the desired depth, The 20 and 10i-1b
charges were tied to stakes; the 600 and 4200-1b charges
ware placed on wocd platforms at tThe proper depth. In some
cagas the charges rested on the river bottom. On some shotsa
the bottom ¢f the charge was level with the water surface
(“surface level" ahnts§

The charge depth, water depth and A, ar
Tables I through IV along with the peak press
for each shot.

isted in
8 obtained

e 1
ure
RESULTS

Peak pressures were obtained from the shock front
velocity measurements using the Rankine-Hugonlot equation
relating pesk pressure to shockwave velocity:

P 2
)3 v + 1 [

O

where P8 is the peak pressure 1ln 2xcess of
atmospheric pressure

P i8 the atmospheric pressure ahead of
the shock

U 18 the velocitiy ol the shock froent in
still air

C i3 the velocisy of sound in 3till air

v 18 1.40 (ratio of specific neats for air).
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S5N0CK 17ont veloeoliLy aod suvnGd YyE1UUILy weii ue vel
from megsurements made dlrceotly on the Fiim recoerd with a
microcomparator,

Fizures © %urougk b, glve peak prefsure as a runction
oif reduced alistanece, A . 1\” varinue chavrge uvugitions for
v ~ . ] o] 3 P A T Y P o
Lt 2V llu Lvr =4y vilar e

Vi
A = R/Wl/J

.3
b
0
e
]
r
i

LR A UILVV, un‘ -.-...c.

oth curve was drawn
tandard for comparison,
e aurface level shots

n each figure.

in each igure, eacii 8ymoocl represc
point 18 a single observaticn. A sm
by eye for each charge depth. As a
the pressuvre-A 1line obtained from t
for the same charge weight 1s given

The slopeés of the pressure- - A curves from the under-
water shcte are gignificantly different f‘rcm those of the
surface level shots at the depths measured®. The crossover
observed for some of the shallow shots 18 belleved to be
real. For the range of water depths covered, there is nco
indicatici that the proximity of the river bottom affected
the magnitude of the peak pressure along the water surfacs,

The resuits from the 600 end 4200-ib chargesz are shown
in Figures 16 through 19. There was no signi Ilcant ai rrerencu
in peak pressure between the gauges at 4 in. and 15 in, above
the water surface at the distances messured.

For scaling purposes, curveeg for peakK pressuvre 38 a
function of reducucd charge\depth¢ M., are plotted in Figure
20 for reduced distance=s;, .~ , of 10 and 20, The points shown
were taken from the lines drawn through the data on the
oressure- A plous It is seen that air blast pealk pressures
elong the water surface scale simply with the cube root of
the charge weiﬁh--

.=
- PR

Were tne slupes nearly cvonstant for ali depths, Lu would
be possible 4o cobtain a reasonable sverage value of "equivalent
weight ratio" [d] for the underwater shots relative to the
surface level shots. However, it 1s clesr from Figs. 6 - 19
that such a weight ratic would refer to only one pressure, As
an exsmple, from Figure 8 the equivalent weight ratio would
vary from about 0.3 at 14 psi to about 2.1 at 2 psi. Thus,
equivslent charge welghts appear to be meaningless 1in the
regior studled.
U
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Thors ara veny rew fiata available with which to compare
+heaa resnulta.  Tiwe slooe of the pressure- A curve for the
20 and 101-1ib surface level charges 1s 1o fals agreement
=2ith ithst ontoined rrom S50-ih runienl chargen fired above
the ground [e]. However; 1-1b spherical penteolite chargesn
[f] fired ab

above and just in water glve quite diifferent
pressuren'x curves Irom those rceported here,

It i incersating to note that peak pressurses from some
unaerground °xplosions (gl at A = 10 decreased wlth incressed
harge depth at about the same rate as the data reported
-l -
ot

NGl eLil,

-
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Peak Freasures from 1J1-Pound Charges
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TABLE III

Peak “ressures from &CO-Pound Charges

=
r

=
Charges Ac watar ' Qauges at 15
Depth ‘. |Depth |Parameter | Gauges at 4 Inches Height ugss A
1
e 5. 0BS 2? R(ft) 73.0 |806.0 [ 089.0 j201.C | 76.5 | BL.S | 95.
P(pei) 8.09 | 6.79; 5.661 L.g2! 71.29| 6,271 S5,
1k G, 142 27 R(ft) @ == 80.0 | 89,0 1101,0 ! 75.5 | 8L.S | %5
P(P'i) - 5173 h-97 h»i O.Zh S-?e b
24 0.237 S R(f2) [153.0 D60.0 [169.G [1B1.0 [S6.5 [i8L.5 LTS
P(psi) 2.7 1 1,69 1.691 1.62 2,14} 1.78| 1.
24 0,258 52 R(ft) 76,0 | 19.0 | 82,5 | BS,b
P(psi) 3.05 | 3.60| 2.84{ 3.29
R(ft) 91.0 | 96,0 [102.0 {109.0
P(pei) 2,80 | 2,70 2.54| 2.uk
28 0.27% 42 R(£2) [153.0 060.0¢ [169.0 [181.0 1156.5 [164L.5 [i75.0
Plpat) .73 1.830 1,470 1,200 1,470 1 41 1 08
29 0.286 Sk R(ft) |113.0 D20.0 129.0 {1L1.0 116.5 |12h.5 [1%.0
P(psi) 1.90 ) 1,89 1,621 132! 1.34 1.69) 1.5
¥ 0, 356 L9 R(Lt) 7.5 [ 7.5 | 18,0 82.0
P(psi) L0 343 2,98 2.7z
R{LE) 86.5 | 91.5 | 97.5 j10kL.S
P(psi) 2.17] 2,60 2,17 1.91
LS 0. LLS o8 R(f%) n.% , 7.5 | 183.0 | 82,0
P(pai) | L.L7| 1.34| 1277 1.6
R(ft) 86.5 | 91.5 | 97.5 [10L.5
~ 1 P(pai) 1.3 1.13] 107t 1i1.00

# Charge Depth ~» from csnter of charge to surfacs
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TABLE 1Y

Peak Prsgsures firom L200-round rherges

Charges| Watsr ! .
bi:i%:* Me . I Manth Drsa e - cangan at | Tnechag Hadsht ,O.I_lz_f.,_l't 15
el odhadd At Lt = - = Lgdnens lahy,
f3zy wanfaks T oo - =
-
9 0. Qb 22 Ritt) | 303.0 1310.0 |319.0 {331.0 |3G&.5 {31L.5 1 325.0
P{pal} 3. 1L} 3G 2.61| 2.58) 3.08] 2.9z| 2,80
13 c, 087 P actt) [123.0 |169.0 |149.0 |161.0 1136.5 [1l4.5 [155.0
f’(p:ﬂ,)l 7.58] 7.30| 6.8y 6.08] 7T.86; 71.04| 6.3
5 9,181 B Rifs: 1345 |138.5 11k2.C |146.C
P{pel} i 3,61} L.S3] L4.18]| L.
K(ft) [150.5 {155.5 !161.5 |ié8.5
Plpet) | 37:0 L.21] 5.52] 3.6k
» G.20) 53] ReLe) 3030 |mo.0 |ns.0 |331.0 |306.5 {3145 | 325.0
Pip=n) 1.3 1.9%0 1.830 1,801 2,71 1.9¢f 1.90
39 0,201 S2 R(£:. |135.5 1> 91430 j1LT.0
P(p&' ' \ 3. 25 }: -!4. }ols 3: 38
R(EL: 2515 1136.5 [162.5 1109.5
P(pei) 2.99 3.1 2.87F 2.%
s G. 202 521 Rure) [LI8,5 1139.5 11L3.0 [147.0
F(pel} | 3.29| 3.250 3.Lk! 3.8
R{LL) 11515 186.5 |162.5 1169.5
Fpzl) 3.09| 3L} 3,18 3.2z
L8 0. 247 oy R(£t} [153,0 |160,C |16%.0 [181.0 [156.5 |16L.5 [175.0
P(ped) 2.2901 2.73; 2.32) 2.32| 2.4k, 2.uLB| 2.3
s1 0. 263 103 | R(ft) |303.0 [310.0 |319.0 [331.0 |304,5 |31u.5 |325.0
P(pwi) 1.28] 1,18 1,44 0.97) 1.3 1.1y .1
56 0. 289 102 E(ft) |[118,0 |1z2.0 [126,5 M1 1:1.§
P(pei) L.92! wS7] liL| 3.95
R(LL) |137.5 |1LL.S
P(psi) 364 3,35

sCharge Depth = from center of charge to surface
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